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(57) ABSTRACT 
In a Switching power Supply apparatus, a first Switching ele 
ment is controlled by a driving Voltage output from a Switch 
ing control IC. A second switching control circuit controls the 
on-time of a second Switching element so that the time ratio of 
the on-time of the second Switching element to the on-time of 
the first Switching element becomes almost constant with 
respect to a change in a load current. In a normal load State, 
since a square wave output from a frequency setting unit 
within the Switching control IC is output with no change, a 
converter operates in a current-continuous mode. In a light 
load State, a driving signal generation unit within the Switch 
ing control IC is subjected to blanking with the period of a 
signal output from a maximum frequency setting unit and an 
oscillation frequency is reduced. Accordingly, the converter 
operates in a current-discontinuous mode. 

23 Claims, 25 Drawing Sheets 
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1. 

SWITCHING POWER SUPPLY APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a Switching power Supply 

apparatus that maintains high power conversion efficiency 
under a condition of extensive power Supply to a load. 

2. Description of the Related Art 
In the past, in order to reduce electric power consumption 

during a standby time of a load circuit serving as a Supply 
destination of a power-supply Voltage, i.e., standby power 
consumption, there has been a Switching power Supply appa 
ratus causing a converter for a normal time and a converter for 
a standby time to operate by switching therebetween or a 
Switching power Supply apparatus Switching between opera 
tion modes at a normal time and a standby time in a single 
converter. 
The following three types of Switching power Supply appa 

ratuses have been used as the Switching power Supply appa 
ratus Switching between the operation modes in the above 
mentioned single converter. 
The first type is a Switching power Supply apparatus where, 

in a flyback converter or the like, at a standby time (i.e., at a 
time of a light load), the constant of a circuit is changed, the 
Switching frequency of a Switching element is reduced, and 
the number of Switching operations per unit time is reduced, 
thereby reducing a Switching loss. 

The second type is a Switching power Supply apparatus 
where, in a current resonant converter or the like, at a standby 
time, due to an intermittent oscillation operation in which an 
oscillation time period and a halt time period are repeated 
with an oscillation frequency at a high frequency operation 
being maintained, the number of Switching operations per 
unit time is reduced and a Switching loss is reduced, thereby 
achieving high efficiency. 
The third type is a Switching power Supply apparatus 

where, at a standby time, by decreasing an output Voltage, the 
power-supply Voltage of a Switching control circuit is 
reduced, thereby reducing electric power consumption occur 
ring in the Switching control circuit or the like. 

FIG. 1 is the circuit diagram of a Switching power Supply 
apparatus of the third type and disclosed in Japanese Unex 
amined Patent Application Publication No. 7-274498. In FIG. 
1, when the light load state of a load 8 has been continued for 
a predetermined time, the operation mode of a control circuit 
9 is Switched to an electric power saving mode by an opera 
tion mode switching mechanism 50, the control frequency of 
a frequency control mechanism 23 is controlled so as to be 
high, and the power-supply Voltage Vcc of the control circuit 
9 is decreased to be near to a minimum allowable operating 
Voltage. Accordingly, in the light load State, the control circuit 
9 operates in the vicinity of the minimum allowable operating 
Voltage, thereby reducing electric power consumption, and 
the efficiency of a resonance-type Switching power Supply 
apparatus is improved. 

In the first type, usually a converter is configured using one 
Switching element, a large Switching Surge Voltage occurs at 
both ends of the Switching element, in a rated load, and it is 
necessary for the Switching element to have a high-voltage 
characteristic. In general, since the cost of a high-voltage 
Switching element is high and a Voltage drop at the time of 
conduction is large, a conduction loss is large. As a result, 
there exists a problem that efficiency in the rated load is 
lowered. 

In the second type, since the intermittent oscillation opera 
tion is adopted, there exists a problem that the ripple of an 
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2 
output Voltage is large or the period of intermittent oscillation 
existing in an audible frequency range results in making a 
Sound. Furthermore, since, in an oscillation time period, two 
FETs operate, there exists a problem that the drive loss of the 
FET is large oran output response characteristic with respect 
to the rapid fluctuation of an output load is poor. 

In the third type, since a Switching frequency becomes high 
while the power consumption of the Switching control circuit 
or the like is reduced at the standby time, a Switching loss 
becomes large, and the effect of reducing power consumption 
is Small. 

SUMMARY OF THE INVENTION 

Preferred embodiments of the present invention provide a 
Switching power Supply apparatus that achieves a high-effi 
ciency operation with respect to the wide fluctuation of a load 
ranging from a light load, to a rated load, and to a heavy load 
and is Superior in an output response characteristic. 
A Switching power Supply apparatus according to a pre 

ferred embodiment of the present invention includes a direct 
current power-supply input unit to which a direct-current 
input voltage is input, a transformer configured to include at 
least a primary winding and a secondary winding magneti 
cally coupled to each other, a first series circuit connected to 
both ends of the direct-current power-supply input unit and in 
which the primary winding, an inductor, and a first Switching 
element are connected in series, a second series circuit con 
nected to both ends of the first switching element or both ends 
of a series circuit including the primary winding and the 
inductor and in which a second Switching element and a 
capacitor are connected in series, a switching control circuit 
configured to put the second Switching element into an on 
state during a predetermined time after having put the first 
Switching element into an on-state during a predetermined 
time, and a first rectification Smoothing circuit configured to 
rectify and Smooth an alternating-current Voltage output from 
the secondary winding and output an output Voltage to a load, 
wherein the Switching power Supply apparatus includes a 
light load detection mechanism configured to directly or indi 
rectly detect a load current flowing through the load and to 
detect whether or not the load is in a light load state, the 
Switching control circuit includes a first Switching control 
circuit configured to control an on-time of the first Switching 
element, and a second Switching control circuit configured to 
control an on-time of the second Switching element so that an 
on-time ratio serving as a ratio of the on-time of the second 
Switching element to the on-time of the first Switching ele 
ment becomes almost constant with respect to a change in the 
load current, in a normal load State, an operation is performed 
in a current-continuous mode where the first Switching ele 
ment and the second Switching element are complementarily 
and repeatedly put into on-states and off-states, and when the 
light load detection mechanism has detected the light load 
state, an operation is performed in a current-discontinuous 
mode where a current halt time period in which no current 
flows through the transformer exists between turnoff of the 
second Switching element and turnon of the first Switching 
element. 

In addition, a Switching power Supply apparatus of a pre 
ferred embodiment of the present invention preferably 
includes a direct-current power-supply input unit to which a 
direct-current input Voltage is input, a transformer configured 
to include at least a primary winding and a secondary wind 
ing, magnetically coupled to each other, a first series circuit in 
which a first Switching element and a second Switching ele 
ment, connected to both ends of the direct-current power 
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Supply input unit, are connected in series, a second series 
circuit configured to be connected to both ends of the second 
Switching element and in which the primary winding, an 
inductor, and a capacitor are connected in series, a Switching 
control circuit configured to put the second Switching element 
into an on-state during a predetermined time after having put 
the first Switching element into an on-state during a predeter 
mined time, and a first rectification Smoothing circuit config 
ured to rectify and Smooth an alternating-current Voltage 
output from the secondary winding and output an output 
Voltage to a load, wherein the Switching power Supply appa 
ratus includes a light load detection mechanism configured to 
directly or indirectly detect a load current flowing through the 
load and detect whether or not the load is in a light load state, 
the Switching control circuit includes a first Switching control 
circuit configured to control an on-time of the first Switching 
element, and a second Switching control circuit configured to 
control an on-time of the second Switching element so that an 
on-time ratio serving as a ratio of the on-time of the second 
Switching element to the on-time of the first Switching ele 
ment becomes almost constant with respect to a change in the 
load current, in a normal load State, an operation is performed 
in a current-continuous mode where the first Switching ele 
ment and the second Switching element are complementarily 
and repeatedly put into on-states and off-states, and when the 
light load detection mechanism has detected the light load 
state, an operation is performed in a current-discontinuous 
mode where a current halt time period in which no current 
flows through the transformer exists between turnoff of the 
second Switching element and turnon of the first Switching 
element. 
The transformer preferably includes a first drive winding, 

and a second rectification Smoothing circuit that Supplies a 
direct-current power-supply Voltage to the Switching control 
circuit is provided in the first drive winding. 
A timing detection mechanism configured to detect a tim 

ing when the second Switching element is turned off and a 
winding voltage of the transformer is inverted and a feedback 
circuit configured to generate a feedback signal used to detect 
and control an output Voltage are included, wherein the first 
Switching control circuit is a circuit that causes the first 
switching element to be turned on with a slight delay after the 
timing detected by the timing detection mechanism and 
causes the first switching element to be turned off after a time 
(the on-time of the first Switching element) corresponding to 
a Voltage of the feedback signal has elapsed. 

For example, the timing detection mechanism preferably 
detects a Voltage change occurring between both ends of the 
winding Voltage of the transformer. 

The timing detection mechanism preferably detects a 
change in a drain-to-source Voltage of at least one of the first 
Switching element and the second Switching element. 
The timing detection mechanism may also preferably 

detect a change in a drain current or a source current of at least 
one of the first Switching element and the second Switching 
element. 
The timing detection mechanism may further preferably 

detect a Voltage change occurring between both ends of the 
first drive winding. 
The transformer includes a second drive winding, a con 

nection point of the first switching element with the second 
Switching element and a first end of the second drive winding 
are connected to each other, the second Switching control 
circuit is connected between a second end of the second drive 
winding and a control terminal of the second Switching ele 
ment, and the second Switching control circuit is a circuit that 
causes the second Switching element to be turned on, using a 
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4 
Voltage of the second drive winding, which occurs due to 
turnoff of the first switching element. 
The second switching control circuit preferably is a circuit 

that performs control so that the on-time ratio becomes 
almost one. 
When the on-time ratio, the direct-current input voltage, 

the output voltage, the number of turns of the primary wind 
ing, and the number of turns of the secondary winding are 
expressed with Da, Vi. Vo, np, and ns, respectively, the second 
Switching control circuit is preferably a circuit that causes the 
second Switching element to be turned off by performing 
control so that the Da becomes larger than ns-Vi/np:Vo. 
The second Switching control circuit is a circuit that pref 

erably causes the second switching element to be turned off 
by performing control so that the Da becomes larger than 
ns-Vi/np:Vo-1. 
The light load detection mechanism preferably performs 

detection using a Voltage of the feedback signal. 
The light load detection mechanism also preferably per 

forms detection on the basis of whether or not a switching 
frequency to drive the first Switching element or the second 
Switching element has reached an upper limit value. 

In the current-discontinuous mode, along with a decrease 
in the load current, the switching control circuit preferably 
causes a Switching frequency to drive the first Switching ele 
ment or the second Switching element to decrease. 

In the current-discontinuous mode, along with a decrease 
in the load current, the switching control circuit preferably 
reduces the on-time of the first switching element or the 
second switching element. 

In the current-continuous mode, the Switching control cir 
cuit preferably sets a maximum level of the switching fre 
quency or a maximum value of the on-time of the first Switch 
ing element or the second Switching element. 

In the current-discontinuous mode, the Switching control 
circuit preferably controls the Switching frequency or the 
on-time of the first Switching element or the second Switching 
element, in response to the feedback signal. 
The switching control circuit preferably sets a limit value 

on a Voltage of the feedback signal, and causes Switching of 
the first Switching element or the second Switching element to 
be halted when the voltage of the feedback signal has 
exceeded the limit value. 
The switching control circuit preferably operates with the 

lowest Switching frequency and a minimum on-time, with 
respect to the limit value. 

In the current-discontinuous mode, while the Switching 
control circuit does not cause the second Switching element to 
be turned on even if the first switching element has been 
turned off, the switching control circuit preferably applies a 
forward current to a parasitic diode of the second Switching 
element first, and applies a backward current during a Subse 
quent reverse recovery time. 
At least one rectifying element provided in the first switch 

ing element, the second Switching element, or the first recti 
fication smoothing circuit preferably is a field-effect transis 
tOr. 

The inductor preferably includes a leakage inductance of 
the transformer. 

According to various preferred embodiments of the present 
invention, the following advantageous effects are obtained. 

In the light load State Such as the standby time, an operation 
is performed in the standby mode where the switching fre 
quency is reduced and an operation is performed in the cur 
rent-discontinuous mode. Accordingly, the number of switch 
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ing operations per unit time is reduced, the Switching loss is 
significantly reduced and prevent, and hence, it is possible to 
achieve high efficiency. 

Since, in the light load state, the second Switching element 
(high side FET) is put into an on-state for enough time to 
absorb a Surge Voltage occurring in the first Switching element 
Q1 when the first switching element (low side FET) is turned 
off, it is possible to reduce a withstand voltage required for the 
first switching element Q1. 

Since an intermittent oscillation operation is avoided, there 
is no increase in an output ripple, and the Voltage accuracy of 
the output Voltage is excellent. 

Since an oscillation halt time period in Such a way as 
intermittent oscillation does not exist, a response character 
istic with respect to the rapid change of a load is excellent. 

Since, in the light load State such as the standby time, an 
electric power conversion operation is performed due to 
almost only the operation of the first switching element (low 
side FET), it is possible to reduce the drive loss of an FET. 
The above and other elements, features, steps, characteris 

tics and advantages of the present invention will become more 
apparent from the following detailed description of the pre 
ferred embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a Switching power Supply 
apparatus disclosed in Japanese Unexamined Patent Applica 
tion Publication No. 7-274498. 

FIG. 2 is a circuit diagram of a Switching power Supply 
apparatus 101 according to a first preferred embodiment of 
the present invention. 

FIG. 3 is a circuit diagram of a feedback circuit 83 in FIG. 
2. 

FIG. 4 is a block diagram illustrating a configuration 
between an FB terminal and an OUT terminal within a 
switching control IC 81. 

FIG. 5 is a diagram illustrating a change in a Switching 
frequency due to a change in a weight of a load, in a normal 
load State. 

FIG. 6 is a diagram illustrating a change in a Switching 
frequency and a change of a mode when a transition from a 
normal load state to a light load State has occurred. 

FIG. 7 is a diagram illustrating a relationship between a 
voltage of the FB terminal and a blanking frequency within 
the switching control IC 81. 

FIG. 8 is a circuit diagram of a Switching power Supply 
apparatus 102 according to a second preferred embodiment of 
the present invention. 

FIG. 9 is a circuit diagram of a Switching power Supply 
apparatus 103 according to a third preferred embodiment of 
the present invention. 

FIG. 10 is a waveform diagram illustrating a relationship 
among a gate-to-source Voltage Vgs1 of a first Switching 
element Q1, a gate-to-source Voltage Vgs2 of a second 
Switching element Q2, a drain-to-source Voltage Vds1 of the 
first Switching element Q1, and a Voltage of a capacitor Cb2. 

FIG. 11 is a circuit diagram of a Switching power Supply 
apparatus 104 according to a fourth preferred embodiment of 
the present invention. 

FIG. 12 is a waveform diagram illustrating a relationship 
among a gate-to-source Voltage Vgs1 of a first Switching 
element Q1, a gate-to-source Voltage Vgs2 of a second 
Switching element Q2, a drain-to-source Voltage Vds1 of the 
first Switching element Q1, and a Voltage Vcb2 of a capacitor 
Cb2 in FIG. 11. 
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6 
FIG. 13 is a circuit diagram of a Switching power Supply 

apparatus 105 according to a fifth preferred embodiment of 
the present invention. 

FIG. 14 is a waveform diagram illustrating a relationship 
among a gate-to-source Voltage VgS1 of a first Switching 
element Q1, a gate-to-source Voltage Vgs2 of a second 
Switching element Q2, a drain-to-source Voltage Vds1 of the 
first Switching element Q1, and a Voltage Vcb2 of a capacitor 
Cb2 in FIG. 13. 

FIG. 15 is a circuit diagram of a Switching power Supply 
apparatus 106 according to a sixth preferred embodiment of 
the present invention. 

FIG. 16 is a waveform diagram illustrating a relationship 
among a gate-to-source Voltage VgS1 of a first Switching 
element Q1, a gate-to-source Voltage Vgs2 of a second 
Switching element Q2, a drain-to-source Voltage Vds1 of the 
first Switching element Q1, and a Voltage Vcb2 of a capacitor 
Cb2 in FIG. 15. 

FIG. 17 is a circuit diagram of a Switching power Supply 
apparatus 107 according to a seventh preferred embodiment 
of the present invention. 

FIG. 18 is a circuit diagram of a Switching power Supply 
apparatus 108 according to an eighth preferred embodiment 
of the present invention. 

FIG. 19 is a circuit diagram of a switching power supply 
apparatus 109 according to a ninth preferred embodiment of 
the present invention. 

FIG. 20 is a circuit diagram of a Switching power Supply 
apparatus 110 according to a tenth preferred embodiment of 
the present invention. 

FIG. 21 is a circuit diagram of a Switching power Supply 
apparatus 111 according to an eleventh preferred embodi 
ment of the present invention. 

FIG. 22 is a circuit diagram of a Switching power Supply 
apparatus 112 according to a twelfth preferred embodiment 
of the present invention. 

FIG. 23 is a circuit diagram of a Switching power Supply 
apparatus 113 according to a thirteenth preferred embodi 
ment of the present invention. 

FIG. 24 is a circuit diagram of a Switching power Supply 
apparatus 114 according to a fourteenth preferred embodi 
ment of the present invention. 

FIG. 25 is a circuit diagram of a Switching power Supply 
apparatus 115 according to a fifteenth preferred embodiment 
of the present invention. 

FIG. 26 is a circuit diagram of a Switching power Supply 
apparatus 116 according to a sixteenth preferred embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Preferred Embodiment 

A Switching power Supply apparatus according to a first 
preferred embodiment will be described with reference to 
FIG. 2 to FIG. 7. 

FIG. 2 is the circuit diagram of a Switching power Supply 
apparatus 101 according to the first preferred embodiment. 
The Voltage of a direct-current input power Supply Vi is input 
between the input terminals PI(+) and PI(G) of this switching 
power Supply apparatus 101. In addition, a predetermined 
direct-current Voltage is output to a load Ro connected 
between the output terminals PO(+) and PO(G) of the switch 
ing power Supply apparatus 101. 

Between the input terminals PI(+) and PI(G), a first series 
circuit is provided and includes a first Switching element Q1. 
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a second Switching element Q2, and a current detection resis 
tor Ri connected in series. The first switching element Q1 and 
the second switching element Q2 include FETs, the drain 
terminal of the high-side second Switching element Q2 is 
connected to the input terminal PI(+), and the source terminal 
of the low-side first switching element Q1 is connected to the 
input terminal PI(G) through the current detection resistor Ri. 

In both ends of the second Switching element Q2, a second 
series circuit is provided and includes a capacitor Cr, the 
primary winding np of a transformer T, and an inductor Lr 
connected in series. The inductor Lr is configured using the 
leakage inductance of the primary winding np of the trans 
former T. 

In the secondary windings ins1 and ins2 of the transformer T, 
a first rectification Smoothing circuit is provided and includes 
diodes Ds and Df and a capacitor Co. This first rectification 
Smoothing circuit full-wave rectifies, Smooths, and outputs an 
alternating-current Voltage, output from the secondary wind 
ings ins1 and ns2, to the output terminals PO(+) and PO(G). 
A rectification Smoothing circuit based on a diode Db and 

a capacitor Cb is connected to the first drive winding nb1 of 
the transformer T. A direct-current voltage obtained from the 
rectification smoothing circuit is supplied between the GND 
terminal and the VCC terminal of a switching control IC 81, 
as a power-supply Voltage. 
The switching control IC 81 corresponds to a first switch 

ing control circuit according to a preferred embodiment of the 
present invention. The switching control IC 81 outputs a 
driving voltage Vgs1 from the OUT terminal thereof to the 
gate of the first switching element Q1. The first switching 
element Q1 performs an on-off operation due to the above 
mentioned driving voltage Vgs1. 
A second Switching control circuit 61 serving as a high side 

switching control circuit is provided between the second 
drive winding nb2 of the transformer T and the second switch 
ing element Q2. Specifically, the first end of the second drive 
winding nb2 of the transformer T is connected to a connection 
point between the first switching element Q1 and the second 
Switching element Q2 (the Source terminal of the second 
Switching element Q2), and the second Switching control 
circuit 61 is connected between the second end of the second 
drive winding nb2 and the gate terminal of the second Switch 
ing element Q2. 

Using the voltage of the second drive winding nb2, which 
occurs due to the turnoff of the first switching element Q1, the 
second Switching control circuit 61 causes the second Switch 
ing element Q2 to be turned on. After the second Switching 
element Q2 has been turned on, the on-time of the second 
switching element Q2 is controlled so that the ratio of the 
on-time (ton2) of the second switching element Q2 to the 
on-time (ton1) of the first Switching element Q1, namely, an 
on-time ratio Da (Dalton2/ton1) becomes almost constant 
with respect to a change in a load. For example, if the Da is 
approximately one, the on-times of the Q1 and the Q2 are 
approximately equal to each other. 
A feedback circuit 83 is provided among the output termi 

nals PO(+) and PO(G) and the switching control IC 81. This 
feedback circuit 83 is a circuit that generates a feedback 
signal due to the comparison of the Voltage-dividing value of 
a voltage between the output terminals PO(+) and PO(G) with 
a reference voltage and inputs a feedback voltage to the FB 
terminal of the Switching control IC 81, in an insulating state. 

FIG. 3 is the circuit diagram of the feedback circuit 83. 
Between the output terminals PO(+) and PO(G), a series 
circuit based on a shunt regulator SR, a resistor R3, and a light 
emitting element of a photo coupler PC and a Voltage-divid 
ing circuit based on resistors R1 and R2 are connected. The 
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8 
Voltage-dividing output of the above-mentioned Voltage-di 
viding circuit based on the resistors R1 and R2 is provided to 
the reference terminal of the shunt regulator SR. In addition, 
between the voltage control end and the reference terminal of 
the shunt regulator SR, a negative feedback circuit including 
a resistor R11 and a capacitor C11 is provided. In addition, the 
light receiving element of the photo coupler PC is connected 
between the FB terminal and the GND terminal of the switch 
ing control IC 81. Within the switching control IC 81, a 
constant current circuit is connected to the FB terminal. 
The feedback circuit 83 functions according to a relation 

ship where when an output Voltage to the output terminals 
PO(+) and PO(G) becomes higher than a setting voltage, the 
voltage of the FB terminal decreases with that extent. 

FIG. 4 is a block diagram illustrating a configuration 
between the FB terminal and the OUT terminal within the 
switching control IC 81. In response to the feedback voltage 
input to the FB terminal, a frequency setting unit 91 sets the 
frequency (period) of a driving signal generated by the driv 
ing signal generation unit 92. The driving signal generation 
unit 92 outputs the driving voltage Vgs1 from the OUT ter 
minal to the gate of the first switching element Q1. 
The frequency setting unit 91 generates a square-wave 

signalina relationship where a Switching frequency increases 
with a decrease in the voltage of the FB terminal, and outputs 
the square-wave signal to the driving signal generation unit 
92. 

In a load state that is not a light load State Such as a standby 
time and in which an operation is performed in a normal 
operation mode, when a load is reduced and the output volt 
age becomes higher than the setting Voltage, for example, the 
Switching frequency increases with that extent. Thus, the 
on-time of the first switching element Q1 is shortened. 
So as to prevent the Switching frequency from becoming 

too high, a maximum frequency setting unit 93 sets the upper 
limit value (blanking frequency) of the Switching frequency. 
The driving signal generation unit 92 is Subjected to blanking 
with the period of a signal output from the maximum fre 
quency setting unit 93. In a normal load state in which an 
operation is performed in the normal operation mode, since a 
square wave output from the frequency setting unit 91 is 
output with no change, a converter operates in a current 
continuous mode. On the other hand, in the light load State in 
which an operation is performed in a standby operation mode, 
the period of a signal output from the driving signal genera 
tion unit 92 is controlled on the basis of the signal output from 
the maximum frequency setting unit 93, so as not to become 
shorter than a setting value. Therefore, in a state where this 
restriction is imposed, while the on-times of the first switch 
ing element Q1 and the second Switching element Q2 become 
short, a blank time is inserted between a time when the Q2 is 
turned off and a time when the Q1 is turned on next. Accord 
ingly, the converter operates in a current-discontinuous mode. 

FIG. 5 is a diagram illustrating a change in a Switching 
frequency due to a change in the weight of a load, in the load 
state of a normal operation mode. 
As described above, after the second switching element Q2 

has been turned on, the second Switching control circuit 61 in 
FIG. 2 controls the on-time of the second switching element 
Q2 so that the on-time ratio Da becomes almost constant. 
FIG. 5 corresponds to a case where the Da is approximately 
one. In this regard, however, a dead time is provided between 
the on-time period of the first switching element Q1 and the 
on-time period of the second Switching element Q2. 
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In this way, in the normal load state, an operation is per 
formed in the current-continuous mode, in a relationship 
where the Switching frequency increases with a decrease in 
the load. 

FIG. 6 is a diagram illustrating a change in the Switching 
frequency and the change of a mode when a transition from 
the normal load State to the light load State has occurred. 

In the normal load State, an operation is performed in the 
current-continuous mode in Such a way as described above, 
and the Switching frequency increases with a decrease in the 
load. After the Switching frequency has reached the blanking 
frequency, even if the load becomes lighter, the frequency of 
the driving Voltage output from the driving signal generation 
unit 92 illustrated in FIG. 4 does not become greater than or 
equal to the maximum frequency, due to the effect of the 
maximum frequency setting unit 93. Therefore, in the light 
load state where the blanking frequency is reached, while the 
on-times of the switching elements Q1 and Q2 decrease with 
a decrease in the load, a blank time is inserted during a period 
up to the turnon of the Switching elements Q1 and Q2. As a 
result, in the light load State, an operation is performed in the 
current-discontinuous mode. 

FIG. 7 is a diagram illustrating a relationship between the 
voltage of the above-mentioned FB terminal and a blanking 
frequency. In this example, when the voltage of the FB ter 
minal is lower than about 0.4 V, for example, (a no-load state 
or an approximate no-load State), a Switching operation is 
halted. In an interval in which the voltage of the FB terminal 
is about 0.4 V to about 0.6 V. for example, an operation is 
performed with the Switching frequency of 1 kHz, and in an 
interval in which the voltage of the above-mentioned FB 
terminal is about 0.6 V to about 1.0 V, for example, the 
Switching frequency linearly changes. When the Voltage of 
the FB terminal is higher than about 1.0 V, for example, (the 
normal load state), a maximum blanking frequency becomes 
about 250 kHz, for example. 

Accordingly, since, in the light load state, the Switching 
frequency does not exceed about 250 kHz and the switching 
frequency further decreases with a decrease in the load, a 
power conversion loss is even more significantly reduced and 
prevented. 

In addition, the blanking frequency may be fixed (for 
example, about 130 kHz) independently of the voltage of the 
FB terminal. In addition, the maximum on-time of the switch 
ing element may be set independently of the voltage of the FB 
terminal. 
As illustrated above, since, in the light load state, the sec 

ond switching element (high side FET) Q2 is put into an 
on-state for enough time period to absorb the Surge Voltage 
occurring when the first switching element Q1 (low side FET) 
is turned off, it is possible to reduce the withstand voltage of 
the FET. 

In addition, since an intermittent oscillation operation is 
avoided, there is no increase in an output ripple, and the 
Voltage accuracy of the output Voltage is excellent. Further 
more, since an oscillation halt time period in Such a way as 
intermittent oscillation does not exist, a response character 
istic with respect to the rapid change of a load is excellent. 

In addition, since, in the light load State Such as the standby 
time, the electric power conversion operation is performed 
due to almost only the operation of the first switching element 
Q1 (low side FET), it is possible to reduce a drive loss in the 
Switching element. 

In addition, when, in the light load State, a Voltage occur 
ring in the second drive winding nb2 does not reach a Voltage 
required to turn on the second Switching element Q2, a 
reverse current flows through a parasitic diode (not illus 
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10 
trated) of the second switching element Q2 during the reverse 
recovery time of the parasitic diode. Accordingly, even if the 
second Switching element Q2 is not put into an on-state, a 
current flows through the parasitic diode of the second 
switching element Q2, first in a forward direction and then in 
a reverse direction. Accordingly, it is possible to absorb the 
Surge Voltage occurring in the first Switching element Q1. 

Second Preferred Embodiment 

FIG. 8 is the circuit diagram of a Switching power Supply 
apparatus 102 according to a second preferred embodiment. 

While being different from the switching power supply 
apparatus 101 according to the first preferred embodiment 
illustrated in FIG. 2, FIG. 8 specifically illustrates the con 
figuration of a Switching control IC 84 and the configuration 
of a second switching control circuit 63. 
A series circuit including a constant current circuit CC1 

and a capacitor C3 is connected to the OUT terminal of the 
Switching control IC 84, and connected so that the charging 
voltage of the capacitor C3 is input to an IS terminal. 
The voltage of a counter electromotive force induced in the 

first drive winding nb1 due to the turnoff of the second switch 
ing element Q2 is input to a ZT terminal, and hence, the 
switching control IC 84 puts the OUT terminal into a high 
level. Accordingly, the first switching element Q1 is turned 
O. 

On the basis of the input voltage of the ZT terminal, the 
switching control IC 84 detects a timing when the second 
Switching element Q2 is turned off and the winding Voltage of 
the transformer T is inverted. This configuration corresponds 
to a “timing detection mechanism” according to a preferred 
embodiment of the present invention. 
Due to the Voltage of the OUT terminal of the switching 

control IC 84, the constant current circuit CC1 constant 
current charges the capacitor C3. A comparator within the 
Switching control IC 84 compares the Voltage of the capacitor 
C3 with the voltage of the FB terminal, and when the voltage 
of the capacitor C3 has become equal to the voltage of the FB 
terminal, the first switching element Q1 is turned off. Accord 
ingly, the voltage of the FB terminal decreases with an 
increase in an output Voltage to the output terminals PO(+) 
and PO(G), and hence, the charging time of the capacitor C3 
is shortened. Accordingly, the on-time of the first Switching 
element Q1 is shortened. Due to Sucha mechanism, the output 
voltage to the output terminals PO(+) and PO(G) is controlled 
So as to become a constant Voltage. 
On the other hand, when the first switching element Q1 has 

been turned on, the capacitor Cb2 is discharged with a con 
stant current through the path of the capacitor Cb2->a diode 
D3 ->the constant current circuit CC2-sa diode D2->the Sec 
ond drive winding nb2 due to a Voltage induced in the second 
drive winding nb2, in the second switching control circuit 63, 
and a negative Voltage occurs. 

After that, when the first switching element Q1 has been 
turned off, a positive Voltage is applied to the second Switch 
ing element Q2 through a resistor R4 due to the Voltage 
induced in the second drive winding nb2, and the Q2 is turned 
on. In addition, the electric charge of the capacitor Cb2 is 
constant-current charged in a positive direction through the 
path of the second drive winding nb2->4 a diode D1->the 
constant current circuit CC2->a diode D4->the capacitor 
Cb2. When the voltage of the capacitor Cb2 has exceeded 
about 0.6V serving as the threshold voltage of a transistor, for 
example, the transistor Q3 is put into an on-state, and accord 
ingly, the second Switching element Q2 is turned off. The 
charging time of the capacitor Cb2, i.e., the on-time of the first 
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Switching element Q1, and the discharging time of the capaci 
tor Cb2, i.e., the on-time of the second switching element Q2. 
become equal to each other, and the on-time ratio Da is 
controlled so as to be approximately one. 

Third Preferred Embodiment 

FIG. 9 is the circuit diagram of a switching power supply 
apparatus 103 according to a third preferred embodiment. A 
second Switching control circuit 62 in the Switching power 
supply apparatus 103 is different from FIG. 8. In addition, a 
circuit on a secondary side is different from the circuits illus 
trated in FIG. 2 and FIG. 8. 

In the second Switching control circuit 62, a constant cur 
rent circuit preferably includes transistors Q4 and Q5 and 
resistors R7 and R8. Accordingly, the basic circuit operation 
of the second Switching control circuit 62 is the same as the 
second switching control circuit 63 illustrated in FIG.8. In 
addition, a series circuit including a diode D5 and a resistor o 
R6 is connected in parallel to a resistor R4. Therefore, the rise 
of the driving Voltage Vgs2 of the second Switching element 
Q2 is set due to the parallel impedance of the R4 and the R6, 
and the fall thereof is dominantly set only due to the imped 
ance of the R4. 25 

An FET Qs and an FET Qfused for rectification are con 
nected to the secondary windings ins1 and ins2 of the trans 
former T. A secondary side switching control circuit 86 per 
forms switching of the FET Qs and FET Qf in 
synchronization with a change in an electromotive Voltage 
occurring in the secondary winding ns1 or ins2 of the trans 
former T. 

In this way, synchronous rectification is performed using a 
rectifying FET in place of a rectifier diode, and hence, it is 
possible to reduce a conduction loss occurring due to the flow 
of a current. 

FIG. 10 is a waveform diagram illustrating a relationship 
among the gate-to-source Voltage Vgs1 of the first Switching 
element Q1, the gate-to-source Voltage Vgs2 of the second a 
switching element Q2, the drain-to-source voltage Vds1 of 
the first Switching element Q1, and the Voltage of the capaci 
tor Cb2 in FIG. 8 or FIG. 9. 
When the first switching element Q1 has been put into an 

on-state, a negative Voltage is induced in the high side drive 45 
winding nb2, and the charging Voltage VCb2 of the capacitor 
Cb2 decreases from about 0.6 V serving as the threshold 
Voltage, for example. After that, when the first Switching 
element Q1 has been turned off, a positive voltage is induced 
in the high side drive winding nb2, and the charging Voltage 50 
VCb2 of the capacitor Cb2 increases. When the charging 
voltage VCb2 of this capacitor Cb2 has exceeded about 0.6V 
serving as the threshold Voltage, for example, the transistor 
Q3 is put into an on-state. Accordingly, the gate electric 
potential of the second switching element Q2 becomes 0 V. 55 
and the second switching element Q2 is turned off. Since the 
capacitor Cb2 is charged and discharged with the constant 
current of a same current value, the slope of the charging 
Voltage VCb2 is equal. Thus, a charge-discharge current ratio 
Di is 1:1. Therefore, the on-time of the second switching 60 
element Q2 is equal to the on-time of the first switching 
element Q1. 

In FIG. 10, Toow(1) and Toow(1) are equal to each other 
due to the above-mentioned operation. Here, when the on 
time of the first switching element Q1 has been lengthened 65 
and has become Too (2), the Vds1 and the Vcb2 correspond 
to a waveform diagram illustrated by dotted lines. Also at this 
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time, the Toow(2) and Toow(2) are equal to each other due 
to the above-mentioned operation. 

Fourth Preferred Embodiment 

FIG. 11 is the circuit diagram of a Switching power Supply 
apparatus 104 according to a fourth preferred embodiment. 

While being different from the switching power supply 
apparatus illustrated in the first preferred embodiment, a feed 
back circuit is simply illustrated and only the path offeedback 
is expressed using one line (Feed back). In addition, the 
configuration of a second Switching control circuit 66 is dif 
ferent. In this example, a circuit is provided in which two 
Zener diodes Dz1 and Dz2 are connected in series in a reverse 
direction and furthermore a resistor R7 is connected in series. 
This circuit inputs thereto the output voltage of the high side 
drive winding nb2 and bi-directionally generates a constant 
voltage. A voltage between both ends of the Zener diodes Dz1 
and DZ2 connected in series is applied to a charge-discharge 
circuit based on a capacitor Cb2 and a resistor R8. 

In order to cause the currents of the charge and discharge of 
the capacitor Cb2 to be equal to each other, the Zener Voltages 
of the two Zener diodes Dz1 and Dz2 are basically equal to 
each other. 

FIG. 12 is a waveform diagram illustrating a relationship 
among the gate-to-source Voltage VgS1 of the first Switching 
element Q1, the gate-to-source Voltage Vgs2 of the second 
switching element Q2, the drain-to-source voltage Vds1 of 
the first switching element Q1, and the voltage Vcb2 of the 
capacitor Cb2 in FIG. 11. 

First, when the first switching element Q1 has been turned 
on, a negative Voltage induced in the high side drive winding 
nb2 is stabilized to be a constant voltage by a series circuit 
including the Zener diodes Dz1 and DZ2 and the resistor R7. 
and applied to a time constant circuit based on the capacitor 
Cb2 and the resistor R8. 

After that, when the first switching element Q1 has been 
turned off, a positive voltage induced in the high side drive 
winding nb2 is applied through a resistor R5 and the positive 
Voltage is applied to the second Switching element Q2. There 
fore, the Q2 is turned on. In addition, when the positive 
Voltage induced in the high side drive winding nb2 is stabi 
lized to be a constant Voltage by the series circuit including 
the Zener diodes DZ1 and DZ2 and the resistor R7, and the 
above-mentioned stabilized positive voltage is applied to the 
time constant circuit based on the capacitor Cb2 and the 
resistor R8. 
A transistor Q3 is put into an on-state at a time when the 

voltage of the capacitor Cb2 exceeds about 0.6V serving as 
the threshold Voltage, for example, and accordingly the sec 
ond switching element Q2 is turned off. 

According to the above-mentioned operation, the charging 
time of the capacitor Cb2, i.e., the on-time of the first switch 
ing element Q1, and the discharging time of the capacitor 
Cb2, i.e., the on-time of the second Switching element Q2. 
become approximately equal to each other. 

In FIG. 12, Toow(1) and Toow(1) are equal to each other 
due to the above-mentioned operation. Here, when the on 
time of the first switching element Q1 has been lengthened 
and has become Too (2), the Vds1 and the Vcb2 correspond 
to a waveform diagram illustrated by dotted lines. Also at this 
time, the Too (2) and Tox (2) are equal to each other due 
to the above-mentioned operation. 

Fifth Preferred Embodiment 

FIG. 13 is the circuit diagram of a switching power supply 
apparatus 105 according to a fifth preferred embodiment. 
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While, in the second to fourth preferred embodiments, the 
on-time ratio Da (=Toox/Tox)=1 is preferably satisfied, 
the fifth preferred embodiment is an example corresponding 
to a case where the on-time ratio Da (=Toow/Toow)z 1 is 
preferably satisfied. 

While being different from the switching power supply 
apparatus illustrated in the first preferred embodiment, a cir 
cuit configuration on a secondary side is the circuit configu 
ration of a flyback method, and the Switching power Supply 
apparatus is configured using a rectification Smoothing circuit 
including a diode DS and a capacitor Co. The configuration of 
a second switching control circuit 67 is also different. In this 
example, two constant current circuits CC21 and CC22, 
diodes D1 and D2 to prevent backflow, and a capacitor C5 are 
provided. 
When the first switching element Q1 has been turned on, 

the capacitor Cb2 is discharged, due to a Voltage induced in 
the high side drive winding nb2, in a negative direction with 
a constant current through the path of the capacitor Cb2->the 
constant current circuit CC22->the diode D2->the high side 
drive winding nb2. 

After that, when the first switching element Q1 has been 
turned off, a positive Voltage is applied to the second Switch 
ing element Q2 through a resistor R5 and the capacitor C5. 
due to a positive Voltage induced in the high side drive wind 
ing nb2, and the Q2 is turned on. In addition, the capacitor 
Cb2 is charged in a positive direction with a constant current 
through the path of the high side drive winding nb2->the 
diode D1->the constant current circuit CC21->the capacitor 
Cb2. The transistor Q3 is put into an on-state at a time when 
the voltage of the capacitor Cb2 exceeds about 0.6V serving 
as the threshold voltage, for example, and accordingly the 
second Switching element Q2 is turned off. 

Since a charge current and a discharge current to the 
capacitor Cb2 are independently defined, the discharging 
time of the capacitor Cb2, i.e., the on-time of the first switch 
ing element Q1, and the charging time of the capacitor Cb2, 
i.e., the on-time of the second Switching element Q2, are 
different from each other. In this regard, however, a ratio 
between the charging time and the discharging time for the 
capacitor Cb2 is constant, and has a proportional relationship 
(linear) with the on-time of the first switching element Q1. 
Therefore, the on-time ratio Da (=Toow/Toow) is main 
tained constant due to a preliminarily defined relationship. 

Here, for example, it is assumed that an electric power 
converter circuit has a circuit configuration to which a flyback 
converter is applied. Furthermore, a case will be described 
where, after the switching element Q2 has been turned off, the 
reset time of a transformer is over, the switching element Q1 
is turned on by utilizing the inversion of a transformer Voltage 
due to the finish of the reset of the transformer, and hence, a 
current flowing through the transformer is caused to operate 
in a current critical mode. 

If an operation is performed in the current critical mode, it 
is easy to achieve a Zero Voltage Switching operation. In 
addition to this, it is possible to reduce a loss associated with 
the reverse recovery time of a rectifier diode on a secondary 
side, and it is possible to realize a highly efficient operation 
under a specific design condition. However, if an operation is 
performed in the current critical mode, the on-time of the 
Switching element Q1 changes greatly with respect to the 
fluctuation of a load in Such a way as an RCC (ringing choke 
converter) and the Switching frequency fluctuates greatly. It 
has been very difficult for the related art to change the on-time 
of the switching element Q2 so as to follow such a fluctuation 
of the switching frequency. In the present preferred embodi 
ment, Such a problem is solved as follows. 
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14 
In FIG. 13, when a direct-current input voltage, an output 

Voltage, the number of turns of a primary winding, and the 
number of turns of a secondary winding are expressed with 
Vi, Vo, np, and ns, respectively, a relational expression of 
ts-Vi/np=trVo/ns is preferably satisfied between a time ts to 
excite the transformer and a time tr to reset the transformer, 
due to the continuity of the magnetic flux of the transformer. 
Accordingly, the ratio of the timetr to reset the transformer to 
the time ts to excite the transformer may be expressed as 
tr/ts=(ns-Vi)/(np:Vo). 

Here, the product, Toow'Ib1, of the discharging time 
Tolow and the discharge current value Ib1 of the capacitor 
Cb1 turns out to be a discharging electric charge amount. In 
the same way, a charging electric charge amount is expressed 
as Toow Ib2. In a steady state, since the discharging electric 
charge amount and the charging electric charge amount are 
equal to each other, Tolow Ib1=Toow Ib2 turns out to be 
satisfied. Accordingly, the on-time ratio Da-Toow/ 
Tow—Ib1/Ib2=1/Di is satisfied. 

Here, when a setting is performed with Di (=1/Da)>(tr/ts), 
i.e., Das(trits), even if the on-time Tolow of the Switching 
element Q1 has changed, the on-time Toow of the Switching 
element Q2 is constantly shorter than the reset time tr of the 
transformer. In Such a setting, it turns out that the reset time of 
the transformer is over after the switching element Q2 has 
been turned off. In addition to this, the switching element Q1 
is turned on by utilizing the inversion of a transformer Voltage 
due to the finish of the reset of the transformer, and hence, it 
is possible to cause a current flowing through the transformer 
to operate in the current critical mode. Furthermore, even if 
the on-time of the Switching element Q1 has changed greatly 
with respect to the fluctuation of a load, the on-time of the 
Switching element Q2 is changed so as to follow this, and it is 
possible to realize an operation in the current critical mode. 

In the present preferred embodiment, a setting is performed 
so that the relationship of Di-1/Da is preferably satisfied 
between the charge-discharge current ratio Di (=Ib2/Ib1) and 
the on-timeratio Da (=Toow Toow) and the Di is larger than 
(ns-Vi)/(np:Vo), and the on-time of the second switching ele 
ment Q2 is controlled so that the on-time ratio (Da) becomes 
almost constant with respect to a change in a load current. 
Accordingly, it is possible to cause the converter to operate in 
the current critical mode. In addition, even if the on-time of 
the Switching element Q1 changes with respect to a change in 
a load and a Switching period changes, Zero-Voltage Switch 
ing is achieved, and it is possible to reduce a loss associated 
with the reverse recovery time of the rectifier diode on the 
secondary side. 
By controlling in Such a way, it is possible to cause an 

operation corresponding to the current-discontinuous mode 
in the light load state to be performed in the flyback method in 
the same way as in the first preferred embodiment. 

FIG. 14 is a waveform diagram illustrating a relationship 
among the gate-to-source Voltage VgS1 of the first Switching 
element Q1, the gate-to-source Voltage Vgs2 of the second 
switching element Q2, the drain-to-source voltage Vds1 of 
the first switching element Q1, and the voltage Vcb2 of the 
capacitor Cb2 in FIG. 13. 
When the first switching element Q1 has been put into an 

on-state, a negative Voltage is induced in the high side drive 
winding nb2, and the charging Voltage VCb2 of the capacitor 
Cb2 decreases from about 0.6 V serving as the threshold 
Voltage, for example. After that, when the first Switching 
element Q1 has been turned off, a positive voltage is induced 
in the high side drive winding nb2, and the charging Voltage 
VCb2 of the capacitor Cb2 increases. When the charging 
voltage VCb2 of this capacitor Cb2 exceeds about 0.6 V 
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serving as the threshold Voltage, for example, the transistor 
Q3 is put into an on-state. Accordingly, the gate electric 
potential of the second switching element Q2 becomes 0 V. 
and the second switching element Q2 is turned off. 

Since the capacitor Cb2 is charged by the constant current 
circuit CC21 and discharged by the constant current circuit 
CC22, the slope of the upswing of the charging voltage VCb2 
and the slope of the downswing thereof are different from 
each other. However, even if the on-time of the first switching 
element Q1 has changed, each of the slope of the upswing of 
the charging Voltage VCb2 and the slope of the downswing 
thereof is constant. Therefore, the on-time ratio Da (Toow 
Tox) is maintained constant due to a preliminarily defined 
relationship. In FIG. 14, a waveform diagram when the on 
time of the Switching element Q1 is Too (1) is indicated by 
a solid line, and a waveform diagram when the on-time of the 
switching element Q1 changes to To(2) is indicated by a 
dotted line. 

Sixth Preferred Embodiment 

FIG. 15 is the circuit diagram of a switching power supply 
apparatus 106 according to a sixth preferred embodiment. 
The position of the capacitor Crand the configuration of a 

second switching control circuit 68 are different from the 
switching power supply apparatus illustrated in FIG. 13. In 
this example, a series circuit including a resistor R81 and a 
diode D81 and a series circuit including a resistor R82 and a 
diode D82 are connected in parallel to each other, and a 
resistor R7 is connected in series to this parallel circuit. This 
series circuit is connected between the high side drive wind 
ing nb2 and the capacitor Cb2. In addition, a circuit where a 
diode D11 and a Zener diode DZ12 are connected in series to 
each other in a reverse direction is connected between both 
ends of the capacitor Cb2. 

According to this circuit configuration, the output Voltage 
of the high side drive winding nb2 is input, and a constant 
Voltage is bi-directionally generated. In this regard, however, 
since a charge current with respect to the capacitor Cb2 flows 
through the resistor R81 and a discharge current flows 
through the resistor R82, a charging time constant and a 
discharging time constant with respect to the capacitor Cb2 
are different from each other. 

In addition, a capacitor C82 is connected in parallel to the 
diode D82, and hence, this capacitor C82 also causes the 
charging time constant and the discharging time constant with 
respect to the capacitor Cb2 to be different from each other. It 
is possible to accumulate electric charge in the capacitor C82 
during a time period when a backward Voltage is applied to 
the diode D82, and it is possible to discharge the electric 
charge accumulated in the capacitor C82, during a dead time 
when the Voltage of the high side drive winding nb2 changes. 
As a result, it is possible to pass a current whose phase leads 
compared with a case where only a rectifier diode is used. 
Accordingly, it is possible to adjust the amount of the current 
of charge and discharge with respect to the capacitor Cb2, 
and, using the capacitor C82, it is possible to correct the 
distortion of a charge-discharge current at a dead time, in 
particular, when the direction of the charge-discharge current 
with respect to the capacitor Cb2 changes. 

In addition, the circuit where the diode D11 and the Zener 
diode DZ12, connected between both ends of the capacitor 
Cb2, are connected in series to each other in the reverse 
direction clamps a Voltage applied between the base and 
emitter of the transistor Q3 in a reverse direction, and it is 
possible to protect an excess Voltage from being applied. 
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FIG. 16 is a waveform diagram illustrating a relationship 

among the gate-to-source Voltage VgS1 of the first Switching 
element Q1, the gate-to-source Voltage Vgs2 of the second 
switching element Q2, the drain-to-source voltage Vds1 of 
the first switching element Q1, and the voltage Vcb2 of the 
capacitor Cb2 in FIG. 15. 
When the first switching element Q1 has been put into an 

on-state, a negative Voltage is induced in the high side drive 
winding nb2, and the charging Voltage VCb2 of the capacitor 
Cb2 decreases from about 0.6 V serving as the threshold 
Voltage, for example. After that, when the first Switching 
element Q1 has been turned off, a positive voltage is induced 
in the high side drive winding nb2, and the charging Voltage 
VCb2 of the capacitor Cb2 increases. When the charging 
voltage VCb2 of this capacitor Cb2 exceeds about 0.6 V 
serving as the threshold Voltage, for example, the transistor 
Q3 is put into an on-state. Accordingly, the gate electric 
potential of the second switching element Q2 becomes 0 V. 
and the second switching element Q2 is turned off. 

While the charging time constant and the discharging time 
constant with respect to the capacitor Cb2 are different from 
each other, a ratio therebetween is approximately constant. 
Therefore, the on-time ratio Da (=Toox/Toow) is main 
tained constant due to a preliminarily defined relationship. 

In addition, in FIG. 15, if necessary, a resistor Rgs to 
discharge electric charge is connected between the gate ter 
minal and the source terminal of the second Switching ele 
ment Q2. 

Here, in the same way as the description in the fifth pre 
ferred embodiment, a case will be described where, after the 
switching element Q2 has been turned off, the reset time of a 
transformer is over, the switching element Q1 is turned on by 
utilizing the inversion of a transformer Voltage due to the 
finish of the reset of the transformer, and hence, a current 
flowing through the transformer is caused to operate in the 
current critical mode. 

In FIG. 15, when a direct-current input voltage, an output 
Voltage, the number of turns of a primary winding, and the 
number of turns of a secondary winding are expressed with 
Vi, Vo, np, and ns, respectively, a relational expression of 
ts (Vi-np:Vo/ns)=trnp:Vo?ins is preferably satisfied between 
a time ts to excite the transformer and a time tr to reset the 
transformer, due to the continuity of the magnetic flux of the 
transformer. Accordingly, the ratio of the time tr to reset the 
transformer to the time ts to excite the transformer may be 
expressed as tr/ts=(ns-Vi)/(np:Vo)-1. 

Here, the product, Toow'Ib1, of the discharging time 
Tolow and the discharge current value Ib1 of the capacitor 
Cb1 turns out to be a discharging electric charge amount. In 
the same way, a charging electric charge amount is expressed 
as Toow Ib2. In a steady state, since the discharging electric 
charge amount and the charging electric charge amount are 
equal to each other, Tolow Ib1=Toow Ib2 turns out to be 
satisfied. Accordingly, the on-time ratio Da–Tow/ 
Tow—Ib1/Ib2=1/Di is preferably satisfied. 

Here, when a setting is performed with Di (=1/Da)>(tr/ts), 
namely, Das(tri?ts), even if the on-time Toowof the Switching 
element Q1 changes, the on-time Toow of the Switching 
element Q2 is constantly shorter than the reset time tr of the 
transformer. In Such a setting, it turns out that the reset time of 
the transformer is over after the switching element Q2 has 
been turned off. In addition to this, the switching element Q1 
is turned on by utilizing the inversion of a transformer Voltage 
due to the finish of the reset of the transformer, and hence, it 
is possible to cause a current flowing through the transformer 
to operate in the current critical mode. Furthermore, even if 
the on-time of the Switching element Q1 has changed greatly 
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with respect to the fluctuation of a load, the on-time of the 
Switching element Q2 is changed so as to follow this, and it is 
possible to realize an operation in the current critical mode. 

In the present preferred embodiment, a setting is performed 
so that the relationship of Di-1/Da is preferably satisfied 
between the charge-discharge current ratio Di (=Ib2/Ib1) and 
the on-timeratio Da(=Toow/Toow) and the Di is preferably 
larger than (ns'Vi)/(np:Vo)-1, and the on-time of the second 
switching element Q2 is controlled so that the on-time ratio 
(Da) preferably becomes almost constant with respect to a 
change in a load current. Accordingly, it is possible to cause 
the converter to operate in the current critical mode. In addi 
tion, even if the on-time of the Switching element Q1 changes 
with respect to a change in a load and a Switching period 
changes, Zero-voltage Switching is achieved, and it is possible 
to reduce a loss associated with the reverse recovery time of 
the rectifier diode on the secondary side. 

Seventh Preferred Embodiment 

FIG. 17 is the circuit diagram of a switching power supply 
apparatus 107 according to a seventh preferred embodiment. 
The configuration of a second switching control circuit 69 

is different from the Switching power Supply apparatus illus 
trated in FIG. 15. In this example, a series circuit including the 
resistor R81 and the diode D81 and a series circuit including 
the resistor R82 and the diode D82 are connected in parallel to 
each other, and a circuit where two Zener diodes DZ1 and DZ2 
are connected in series to each other in a reverse direction is 
connected between the connection point of this parallel cir 
cuit with the resistor R7 and one end of the high side drive 
winding nb2. That is, the Zener diodes Dz1 and Dz2 are 
added. 

In this way, the output of the high side drive winding nb2 is 
input to a series circuit including the Zener diodes DZ1 and 
DZ2 and the resistor R7, and a voltage for the series circuit of 
the Zener diodes Dz1 and DZ2 is supplied. Therefore, it is 
possible to significantly reduce and correct an influence due 
to the fluctuation of the voltage of the high side drive winding 
nb2. 

Eighth Preferred Embodiment 

FIG. 18 is the circuit diagram of a switching power supply 
apparatus 108 according to an eighth preferred embodiment. 
The configuration of a second switching control circuit 70 

is different from the Switching power Supply apparatus illus 
trated in FIG. 17. While a connection relationship between 
the Zener diodes DZ1 and DZ2 and another connection rela 
tionship are different, a function effect is basically the same as 
the seventh preferred embodiment. 

In this way, the output of the high side drive winding nb2 is 
input to a series circuit including the Zener diodes DZ1 and 
DZ2 and resistors R71 and R72, and a voltage applied to the 
Zener diode DZ1 or DZ2 is supplied to a series circuit includ 
ing the capacitor Cb1 and the resistor R81 or R82. Therefore, 
it is possible to significantly reduce and correct an influence 
due to the fluctuation of the voltage of the high side drive 
winding nb2. 

Ninth Preferred Embodiment 

FIG. 19 is the circuit diagram of a switching power supply 
apparatus 109 according to a ninth preferred embodiment. 
The configuration of a second switching control circuit 71 

is different from the Switching power Supply apparatus illus 
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trated in FIG. 18. In the second switching control circuit 71, 
a capacitor C5 is series-connected to the resistor R5. 
The capacitor C5 and the resistor R5 function as a delay 

circuit based on a time constant with relation to applying a 
Voltage to the gate of the second Switching element Q2, and 
controls the turnon delay time of the second Switching ele 
ment Q2 and a Voltage value between the gate and source 
thereof, in relation to an input capacitance between the gate 
and source of the second Switching element Q2. 

Tenth Preferred Embodiment 

FIG. 20 is the circuit diagram of a switching power supply 
apparatus 110 according to a tenth preferred embodiment. 
The position of the capacitor Cr is different from the 

Switching power Supply apparatus illustrated in FIG. 2 in the 
first preferred embodiment. 

Since it is only necessary for the resonance capacitor Cr to 
be inserted in a path through which a current flowing through 
the inductor Lr flows at the time of the off-state of the first 
Switching element Q1, the capacitor Cr may also be con 
nected between one end of the primary winding np and the 
Source of the second Switching element Q2, as illustrated in 
FIG. 20. 

Eleventh Preferred Embodiment 

FIG. 21 is the circuit diagram of a Switching power Supply 
apparatus 111 according to an eleventh preferred embodi 
ment. 

The positions of the capacitor Cr and the inductor Lr are 
different from the switching power supply apparatus illus 
trated in FIG. 2 in the first preferred embodiment. 

Since it is only necessary for the resonance capacitor Cr 
and the inductor Lr to be inserted in series in a path through 
which a current flowing through the inductor Lr flows at the 
time of the off-state of the first switching element Q1, the 
capacitor Cr and the inductor Lr may also be connected to 
both ends of the primary winding np, respectively, as illus 
trated in FIG. 21. 

Twelfth Preferred Embodiment 

FIG. 22 is the circuit diagram of a Switching power Supply 
apparatus 112 according to a twelfth preferred embodiment. 
The position of the capacitor Cr is different from the 

Switching power Supply apparatus illustrated in FIG. 2 in the 
first preferred embodiment. 

It is only necessary for the resonance capacitor Cr to be 
inserted in a path through which a current flowing through the 
inductor Lr flows at the time of the off-state of the first 
switching element Q1. Therefore, the capacitor Cr may also 
be connected between the drain of the second switching ele 
ment Q2 and the input terminal PI(+), as illustrated in FIG.22. 

Thirteenth Preferred Embodiment 

FIG. 23 is the circuit diagram of a switching power supply 
apparatus 113 according to a thirteenth preferred embodi 
ment. 

The positions of the second switching element Q2 and the 
capacitor Cr are different from the Switching power Supply 
apparatus illustrated in FIG. 2 in the first preferred embodi 
ment. 

Since it is only necessary for the resonance capacitor Cr to 
be inserted in a path through which a current flowing through 
the inductor Lr flows at the time of the off-state of the first 
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Switching element Q1, the capacitor Cr may also be con 
nected between the drain of the second switching element Q2 
and the input terminal PI(G), as illustrated in FIG. 23. 

Fourteenth Preferred Embodiment 

FIG. 24 is the circuit diagram of a Switching power Supply 
apparatus 114 according to a fourteenth preferred embodi 
ment. 

It is different from the Switching power Supply apparatus 
illustrated in FIG. 20 in the tenth preferred embodiment in 
that capacitors Cr1 and Cr2 are provided in addition to the 
capacitor Cr. 
The capacitors Crand Cr1 are arranged so that the inductor, 

the primary winding np, the capacitor Cr, the second Switch 
ing element Q2, and the capacitor Cr1 configure a closed 
loop. 

In addition, the capacitor Cr2 is connected between the 
connection point of the capacitor Cr1 with the inductor Lrand 
the input terminal PI(G). In this way, a plurality of resonance 
capacitors (Cr1, Cr2) may also be connected in series to the 
second Switching element Q2. 
The capacitor Cr2 is connected, and hence, a current Sup 

plied from the power-supply voltage V1 flows during both 
time periods of the on-time of the first switching element Q1 
and the on-time of the second Switching element Q2. Accord 
ingly, compared with the circuit configuration in FIG. 23 
where a current flows only during the on-time of the first 
switching element Q1, the effective current of a current Sup 
plied from the power-supply voltage V1 is reduced. Accord 
ingly, it is possible to reduce a conduction loss due to the 
current Supplied from the power-supply Voltage V1. 

Fifteenth Preferred Embodiment 

FIG. 25 is the circuit diagram of a switching power supply 
apparatus 115 according to a fifteenth preferred embodiment. 
The configuration of the secondary side of the transformer 

T is different from the Switching power Supply apparatus 
illustrated in FIG. 2 in the first preferred embodiment. 

In the fifteenth preferred embodiment, a diode bridge cir 
cuit based on diodes D21, D22. D23, and D34 and a capacitor 
Co are connected to the secondary winding ns of the trans 
former T. 

In this way, using the diode bridge circuit, full-wave recti 
fication may also be performed. 

Sixteenth Preferred Embodiment 

FIG. 26 is the circuit diagram of a Switching power Supply 
apparatus 116 according to a sixteenth preferred embodi 
ment. 
The configuration of the secondary side of the transformer 

T is different from the Switching power Supply apparatus 
illustrated in FIG. 2 in the first preferred embodiment. 

In the sixteenth preferred embodiment, a rectification 
Smoothing circuit based on a diode DS and a capacitor Co1 is 
configured between both ends of the secondary winding ns1 
of the transformer T, and a rectification Smoothing circuit 
based on a diode Df and a capacitor Co2 is configured 
between both ends of the secondary winding ns2. In addition, 
a capacitor Co3 is connected between the output terminals 
PO(+) and PO(G). 

In this way, a voltage doubler rectifier circuit may also be 
adopted. 

Other Preferred Embodiments 

While, in each of the preferred embodiments illustrated 
above, a circuit is preferably provided in which the weight of 
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a load is detected due to the voltage of the feedback signal, 
i.e., a current flowing through the load is indirectly detected, 
a circuit that directly detects a current flowing through the 
load may also be provided so as to detect whether or not being 
in a light load state. In this case, it is only necessary to adopt 
a configuration where a control signal is Supplied to a Switch 
ing control IC so that the blanking function of the Switching 
control IC is activated at the time of the detection of a light 
load. 
A circuit may also be configured so that the inversion of a 

winding Voltage is detected due to a Voltage change occurring 
between both ends of the first drive winding nb1 of the trans 
former T to thus detect the turnoff timing of the second 
Switching element Q2. 

In addition, the turnoff timing of the second Switching 
element Q2 may also be detected on the basis of a change in 
the drain-to-source voltage of at least one of the first switch 
ing element Q1 and the second Switching element Q2. 

In addition, the turnoff timing of the second Switching 
element Q2 may also be detected on the basis of a change in 
the drain currentor the source current of at leastone of the first 
Switching element Q1 and the second Switching element Q2. 

In addition, various preferred embodiments of the present 
invention may be applied to a Switching power Supply appa 
ratus complementarily and alternately turning on and off two 
Switching elements, not only in a half-bridge converter but 
also in a multi-transistor converter Such as a full-bridge con 
Verter or in a Voltage clamp converter or the like, for example. 

In addition, while, in some preferred embodiments illus 
trated above, an example has been illustrated where a Voltage 
change occurring between both ends of the winding Voltage 
of the transformer is preferably detected, a change in the 
drain-to-source Voltage of at least one of the first Switching 
element Q1 and the second Switching element Q2 may also be 
detected. In addition, a change in the drain current or the 
source current of at least one of the first switching element Q1 
and the second Switching element Q2 may also be detected. In 
addition, a Voltage change occurring between both ends of the 
first drive winding (nb1) may also be detected. 

In addition, the inductor Lr illustrated in some preferred 
embodiments illustrated above may also be configured using 
the leakage inductance of the transformer T. 

While preferred embodiments of the present invention 
have been described above, it is to be understood that varia 
tions and modifications will be apparent to those skilled in the 
art without departing from the scope and spirit of the present 
invention. The scope of the present invention, therefore, is to 
be determined solely by the following claims. 
What is claimed is: 
1. A Switching power Supply apparatus comprising: 
a direct-current power-supply input unit arranged to 

receive a direct-current input Voltage; 
a transformer including at least a primary winding and a 

secondary winding magnetically coupled to each other; 
a first series circuit connected to both ends of the direct 

current power-supply input unit and in which the pri 
mary winding, an inductor, and a first Switching element 
are connected in series; 

a second series circuit connected to both ends of the first 
Switching element or both ends of a series circuit includ 
ing the primary winding and the inductor and in which a 
second Switching element and a capacitor are connected 
in series; 

a Switching control circuit configured to put the second 
Switching element into an on-state during a predeter 
mined time after having put the first Switching element 
into an on-state during a predetermined time; and 
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a first rectification Smoothing circuit configured to rectify 
and Smooth an alternating-current Voltage output from 
the secondary winding and output an output Voltage to a 
load; wherein 

the Switching power Supply apparatus includes a light load 5 
detection mechanism configured to directly or indirectly 
detect a load current flowing through the load and detect 
whether or not the load is in a light load state; 

the Switching control circuit includes: 
a first Switching control circuit configured to control an 

on-time of the first Switching element; and 
a second Switching control circuit configured to control 

an on-time of the second Switching element so that an 
on-time ratio serving as a ratio of the on-time of the 
second switching element to the on-time of the first 
Switching element becomes almost constant with 
respect to a change in the load current; wherein 

in a normal load State, an operation is performed in a 
current-continuous mode where the first Switching ele- 20 
ment and the second Switching element are complemen 
tarily and repeatedly put into on-states and off-states in 
a relationship in which a Switching frequency decreases 
as the load current increases; and 

when the light load detection mechanism has detected the 25 
light load State, an operation is performed in a current 
discontinuous mode where a current halt time period in 
which no current flows through the transformer exists 
between turnoff of the second switching element and 
turnon of the first Switching element, and a blank time is 30 
inserted between a time when the second switching ele 
ment is turned off and a time when the first Switching 
element is turned on next such that the Switching fre 
quency is decreased in the light load state. 

2. A Switching power Supply apparatus comprising: 35 
a direct-current power-supply input unit arranged to 

receive a direct-current input Voltage; 
a transformer including at least a primary winding and a 

secondary winding magnetically coupled to each other; 
a first series circuit in which a first Switching element and 40 

a second Switching element, connected to both ends of 
the direct-current power-supply input unit, are con 
nected in series; 

a second series circuit connected to both ends of the second 
Switching element and in which the primary winding, an 45 
inductor, and a capacitor are connected in series; 

a Switching control circuit configured to put the second 
Switching element into an on-state during a predeter 
mined time after having put the first Switching element 
into an on-state during a predetermined time; and 50 

a first rectification Smoothing circuit configured to rectify 
and Smooth an alternating-current Voltage output from 
the secondary winding and output an output Voltage to a 
load; wherein 

the Switching power Supply apparatus includes a light load 55 
detection mechanism configured to directly or indirectly 
detect a load current flowing through the load and detect 
whether or not the load is in a light load state; 

the Switching control circuit includes: 
a first Switching control circuit configured to control an 60 

on-time of the first Switching element; and 
a second Switching control circuit configured to control 

an on-time of the second Switching element so that an 
on-time ratio serving as a ratio of the on-time of the 
second switching element to the on-time of the first 65 
Switching element becomes almost constant with 
respect to a change in the load current; wherein 
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in a normal load state, an operation is performed in a 

current-continuous mode where the first Switching ele 
ment and the second Switching element are complemen 
tarily and repeatedly put into on-states and off-states in 
a relationship in which a Switching frequency decreases 
as the load current increases; and 

when the light load detection mechanism has detected the 
light load State, an operation is performed in a current 
discontinuous mode where a current halt time period in 
which no current flows through the transformer exists 
between turnoff of the second switching element and 
turnon of the first Switching element, and a blank time is 
inserted between a time when the second switching ele 
ment is turned off and a time when the first switching 
element is turned on next Such that the Switching fre 
quency is decreased in the light load state. 

3. The Switching power Supply apparatus according to 
claim 1, wherein the transformer includes a first drive wind 
ing, and a second rectification Smoothing circuit that Supplies 
a direct-current power-supply Voltage to the Switching con 
trol circuit is provided in the first drive winding. 

4. The Switching power Supply apparatus according to 
claim 1, further comprising: 

a timing detection mechanism configured to detectatiming 
when the second Switching element is turned off and a 
winding Voltage of the transformer is inverted; and 

a feedback circuit configured to generate a feedback signal 
used to detect and control an output Voltage; wherein 

the first Switching control circuit is a circuit that causes the 
first switching element to be turned on with a delay after 
the timing detected by the timing detection mechanism 
and causes the first switching element to be turned off 
after a time corresponding to a Voltage of the feedback 
signal has elapsed. 

5. The Switching power Supply apparatus according to 
claim 4, wherein the timing detection mechanism detects a 
Voltage change occurring between both ends of the winding 
voltage of the transformer. 

6. The Switching power Supply apparatus according to 
claim 4, wherein the timing detection mechanism detects a 
change in a drain-to-source Voltage of at least one of the first 
Switching element and the second Switching element. 

7. The Switching power Supply apparatus according to 
claim 4, wherein the timing detection mechanism detects a 
change in a drain current or a source current of at least one of 
the first Switching element and the second Switching element. 

8. The Switching power Supply apparatus according to 
claim 4, wherein the timing detection mechanism detects a 
Voltage change occurring between both ends of the first drive 
winding. 

9. The Switching power Supply apparatus according to 
claim 1, wherein 

the transformer includes a second drive winding; 
a connection point of the first switching element with the 

second Switching element and a first end of the second 
drive winding are connected to each other; 

the second Switching control circuit is connected between 
a second end of the second drive winding and a control 
terminal of the second Switching element; and 

the second Switching control circuit is a circuit that causes 
the second Switching element to be turned on, using a 
Voltage of the second drive winding, which occurs due to 
turnoff of the first switching element. 

10. The Switching power Supply apparatus according to 
claim 1, wherein the second Switching control circuit is a 
circuit that performs control so that the on-time ratio becomes 
almost one. 
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11. The Switching power supply apparatus according to 
claim 9, wherein when the on-time ratio, the direct-current 
input voltage, the output voltage, the number of turns of the 
primary winding, and the number of turns of the secondary 
winding are expressed with Da, Vi. Vo, np, and ns, respec 
tively, the second switching control circuit is a circuit that 
causes the second switching element Q2 to be turned off by 
performing control so that the Da becomes larger than ns-Vi/ 
np:Vo. 

12. The switching power supply apparatus according to 
claim 9, wherein when the on-time ratio, the direct-current 
input voltage, the output voltage, the number of turns of the 
primary winding, and the number of turns of the secondary 
winding are expressed with Da, Vi. Vo, np. and ns, respec 
tively, the Switching power supply apparatus is a circuit that 
causes the second switching element Q2 to be turned off by 
performing control so that the Da becomes larger than ns-Vi/ 
np-Vo-1. 

13. The switching power supply apparatus according to 
claim 1, wherein the light load detection mechanism performs 
detection using a Voltage of the feedback signal. 

14. The Switching power supply apparatus according to 
claim 1, wherein the light load detection mechanism performs 
detection based on whether or not a switching frequency for 
driving the first Switching element or the second switching 
element has reached an upper limit value. 

15. The switching power supply apparatus according to 
claim 1, wherein in the current-discontinuous mode, along 
with a decrease in the load current, the switching control 
circuit causes a switching frequency to drive the first switch 
ing element or the second switching element to decrease. 

16. The Switching power supply apparatus according to 
claim 1, wherein in the current-discontinuous mode, along 
with a decrease in the load current, the switching control 
circuit reduces the on-time of the first switching element or 
the second switching element. 
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17. The Switching power supply apparatus according to 

claim 1, wherein in the current-continuous mode, the switch 
ing control circuit sets a maximum level of the switching 
frequency or a maximum value of the on-time of the first 
Switching element or the second switching element. 

18. The Switching power supply apparatus according to 
claim 1, wherein in the current-discontinuous mode, the 
Switching control circuit controls the switching frequency or 
the on-time of the first switching element or the second 
Switching element, in response to the feedback signal. 

19. The Switching power supply apparatus according to 
claim 1, wherein the Switching control circuit sets a limit 
value on a Voltage of the feedback signal, and causes switch 
ing of the first switching element or the second switching 
element to be halted when the voltage of the feedback signal 
has exceeded the limit value. 

20. The Switching power supply apparatus according to 
claim 19, wherein the switching control circuit operates with 
a lowest Switching frequency and a minimum on-time, with 
respect to the limit value. 

21. The Switching power supply apparatus according to 
claim 1, wherein in the current-discontinuous mode, while 
the Switching control circuit does not cause the second 
switching element to be turned on even if the first switching 
element has been turned off, the switching control circuit 
applies a forward current to a parasitic diode of the second 
Switching element first, and applies a backward current dur 
ing a subsequent reverse recovery time. 

22. The Switching power supply apparatus according to 
claim 1, wherein at least one rectifying element in the first 
Switching element, the second switching element, or the first 
rectification Smoothing circuit is a field-effect transistor. 

23. The Switching power supply apparatus according to 
claim 1, wherein the inductor includes a leakage inductance 
of the transformer. 


